Introduction
Treatment of acute lower respiratory infections (ALRI) in developing countries is an important health issue. ALRI accounts for approximately 80% of the under-five mortality due to acute respiratory infections, a third of all the deaths in this age group (Shann et al., 1984) , and up to 60% of health facility visits and 30% of hospital admissions (WHO/UNICEF, 1986 ). Antimicrobial drugs are central to recommended case management ( WHO, 1991) and are often prescribed for home use, but the question of whether they are prescribed appropriately and given at correct doses and frequencies has been little studied (van der Geest, 1987) . A recent review (Homedes & Ugalde, 1993 ) quoted only 37 drug use studies in the developing world, covering a range of diseases and circumstances, but none specifically about severe ALRI.
We report results from a questionnairebased study of prescription patterns and compliance in children with pneumonia treated as out-patients of the principal pediatric hospital in Fortaleza, Brazil, in 1990 . This hospital provides free medical services, including free essential drugs from the government institution CEME (Central de Medicamentos), although CEME drugs are often out of stock so patients cannot always use this source. The study gathered data on the drugs prescribed, if and where they were obtained, and how they were given to the children.
Methods
The study was carried out in the Greater Metropolitan Area of Fortaleza, a city of two million people in Northeastern Brazil, located at 3 o South in a tropical zone, one of the least developed areas of the country. At the time of the study the infant mortality rate was some 90 per thousand. Respiratory tract infections are the second most important infectious cause of infant death, accounting for 11% of such deaths (UNICEF, 1989) .
Recruitment took place during a case-control study of children aged 0-23 months with pneumonia confirmed by X-ray, attending the hospital out-patient clinic. Full details of the methodology employed have been provided elsewhere (Fonseca et al., 1996) .
Over a 6-month period, children living in the metropolitan area of the city were sampled. An interviewer visited the home approximately a week later and interviewed the mother (or carer) using a structured questionnaire. Children treated as out-patients are included here.
The respondents were requested to show the hospital prescriptions, and the drugs where possible; they were asked where these were obtained, how much (if anything) was paid, and dosages and frequencies actually followed. Further questions concerned drugs and home remedies used before attending the hospital and after using the hospital-prescribed drugs, and other general family information.
Compliance is defined as agreement between the prescription and what the respondent stated had been given to the child, with four components of agreement; the drug by name, the amount per dose, the daily number of doses, and the number of days. When the reply was not specific enough, non-compliance was assumed. Sometimes the drug was still being given, and some prescriptions indicated use "until finished" or "until well"; in these instances, with compliance otherwise complete, overall compliance was assumed. Treatment adequacy is defined as 5 days with an antimicrobial other than benzathine penicillin ( WHO, 1991) . 95% confidence intervals are given for the principal percentages, in parenthesis.
Results

Study population
Carers of 226 children were interviewed, and 171 were out-patients. The general characteristics of the 171 are shown in Table 1 . Information was obtained directly from prescriptions for 148, and by mother's recall for one. The remaining 22 carers said they were not given prescriptions at this hospital; some sought care in other hospitals or elsewhere. Most households were large, 34% with eight or more persons, and incomes were generally low. Most mothers (59%) had more than 3 years education. The respondent was almost always the mother.
Prescription Patterns, Compliance, and Overall Antimicrobial Cover Table 2 shows frequencies of prescription of the more commonly used drugs and numbers of children prescribed each drug or group of drugs at least once. About half the drugs were antimicrobials, prescribed to 89% of the children, with benzathine or procaine penicillin being the most common. Analgesics (notably dipyrone) were the next most frequent, followed by bronchodilators. 127 children received one prescription, 14 received two, 5 received three, and 2 received four. Almost all multiple prescriptions resulted from multiple visits, the majority within a week of each other.
Prescription patterns for the main antimicrobials are shown in Table 3 . Benzathine penicillin was usually prescribed for one day. The DRUG TREATMENT OF PNEUMONIA AMONG CHILDREN 39 principal other antimicrobial prescribed for less than five days was procaine penicillin. The following results are for the 149 children with prescription information. Table 4 shows numbers of children classified by overall prescription patterns for antimicrobials. 17 children were prescribed no antimicrobial, and 31 only benzathine penicillin. Table 2 Patterns of prescription of drugs, with numbers of times and percentages each drug was prescribed, and numbers and percentages of children for whom each drug was prescribed. Overall total 332 100 149 100 * Most children were prescribed more than one drug, so numbers and percentages of children add to more than the appropriate totals.
51 children were prescribed another antimicrobial for between five and seven days; this is taken as optimal. 7 children were prescribed a single antimicrobial "until used" or "until well", started before the hospital visit. 18 children were prescribed more than seven days of one antimicrobial. Not counting benzathine penicillin, and presuming that "until used or well" gave adequate coverage, only 10 children were prescribed antimicrobials which were underprescribed. Of the 17 that were prescribed no antimicrobial, 3 received them shortly before the hospital visit and 7 directly at the hospital (6 as free samples). It appears that antimicrobials were completely absent for only 7 of the 149 children. Exact compliance with benzathine penicillin was reported for 87% (78% to 96%) of the children prescribed it. Other exact compliance rates are as follows: procaine penicillin 54% (44% to 64%), ampicillin or amoxicillin 50% (28% to 72%), cotrimoxazole 38% (12% to 64%), and all antimicrobials combined 52% (43% to 61%). Table 5 shows the details of non-compliance for the more frequent antimicrobials. Noncompliance was common, but did not always result in deficient antimicrobial coverage.
Ten of the 77 children with initial prescriptions of antimicrobials for five or more days (Table 4 , addition of (a) and (b)) were treated for less than five days on account of non-compliance. Ultimately, whether a child received antimicrobials adequately depended on the combination of all his/her prescriptions and compliance; five days cover was reached for 77 (a different 77), 52% of the 149 (44% to 60%), and a minimum of three days for 60% of the 149 (52% to 68%). Including antimicrobials started before hospital consultation, and continuing at the time, these periods were reached by 4 more children.
Bronchodilators were prescribed to 55 children in a range of daily doses with days generally not specified. Compliance was low at 55%. Compliance to analgesics was lower at 22%. The most common analgesic was dipyrone. Use of pharmaceutical drugs before hospital consultation
During the four weeks prior to hospital consultation, 140 children received pharmaceutical drugs, 65 at least one antimicrobial, the most common being cotrimoxazole, erythromycin and benzathine or procaine penicillin. Antimicrobials were recommended by a physician 70% of the time, by pharmacy attendants 5%, and chosen by the carer 16%. The most common other drugs were analgesics and bronchodilators.
Discussion
There was considerable variety in prescribing practice, in addition to frequent non-compliance. Only 53% (90/170, Table 2 ) of the antimicrobial prescriptions were for recommended drugs (WHO, 1991); 31% were for benzathine penicillin and 16% for a variety of other antimicrobials. Treatment was frequently sought more than once and antimicrobials obtained more than once. Allowing for this and for noncompliance, 52% of the children received five or more days antimicrobial cover other than benzathine penicillin, (54% including continuing treatment begun prior to hospital consultation). The figures for three days are 60% and 63%. These percentages are low, partly because benzathine penicillin was the only antimicrobial for 31 children. The estimates of compliance depend on stated usage being reasonably accurate. Generally, there is support for measuring compliance by interview (Homedes & Ugalde, 1993) , but comparisons with pill counts, urine analysis, or other measures have given evidence of overstatement (Wright, 1993; Gordis, 1979) , although these other methods themselves can also lack sensitivity and specificity (Gordis, 1979) . Many compliance studies have been concerned with prophylaxis or long-term chronic conditions (Haynes et al., 1979) ; compliance may be Table 4 Numbers of children with prescriptions, classified by (A) absence of antimicrobials, (B) prescription of benzathine penicillin alone, and (C) duration of exposure to antimicrobials other than benzathine penicillin. For 8 days or more 17 11
For 3 or 4 days 9 6
For less than 3 days 1 0.7
Indefinite period 8 11
One antimicrobial twice or more often
Initially for 8 days or more 1 0.7
Initially for indefinite period 1 0.7
Two or more antimicrobials, together or one followed by another.
First antimicrobial for 5 to 7 days 8 5
First antimicrobial for 3 or 4 days 1 (1) 0.7
First antimicrobial for less than 3 days 1 (1) 0.7
First antimicrobial for indefinite period 3 2
Sub-total 101 68
Total with prescription 149 100
(1) Other antimicrobial for 6 days (2) Other antimicrobial for 7 days higher with shorter term treatment for acute illnesses perceived as serious (Grob, 1992) . Our estimates of compliance, except for benzathine penicillin, are not high. The mothers were interviewed independently, away from the hospital, with the questions put in a neutral phrasing. We do not believe overstatement was a serious problem in this study.
Compliance was highest for benzathine penicillin, which was readily available, usually free of cost from the hospital pharmacy, and given as a feasible option for many mothers, quite often at the hospital. It was prescribed fairly often with other antimicrobials but was the only antimicrobial for 31 children. Its use for childhood pneumonia has been common practice in Brazil since being advocated in the São Paulo State ARI program (Pio A, pers comm). But it is specifically not recommended by WHO ( WHO, 1991) . More recent information shows that its use has since declined at the study site (Rey L. C., pers comm).
Compliance is likely to be higher for treatments given once a day (Grob, 1992) . Procaine penicillin was usually prescribed once a day for at least five days. It is injectable. Following a course of injections from the home is not difficult in this community. Mothers obtain the drug at either the hospital or a local pharmacy, and local pharmacy attendants often give follow-up injections even if the drug was obtained elsewhere. There is anecdotal evidence that injections are preferred by many mothers, so compliance may be higher for injectables on this count also. But a clear argument favoring oral drugs for out-patients is the possibility of infection through inadequate sterilization (Pio A, pers comm).
The most common non-antimicrobial was dipyrone. Victora et al. (1982) reported high usage in Southern Brazilian hospitals and expressed concern over safety, which is also discussed by Fuchs (Fuchs, 1988; IAAAS, 1986) . The amount of use shown here is cause for concern.
Lower compliance can be expected for prescriptions with many items (Homedes & Ugalde, 1993; Haynes, 1979) , which argues for simplicity in prescribing. However, we were not able to show such an effect, though our study may have lacked the power to do so.
Care-providers for children in this study chose hospital care, so they are only a proportion of children with pneumonia. But adequate treatment in this group matters greatly; it is Table 5 Details of non-compliance with most commonly prescribed antimicrobials apart from benzathine penicillin.
Numbers of prescriptions where non-compliance resulted in changes are shown, with details of the changes.
Procaine penicillin Ampicillin Amoxicillin Cotrimoxasol
Number of prescriptions 57 10 10 13
Number not taken 1 1 0 2
Number with other non-compliance 25 3 6 6
Other non-compliance Number with increase 12 1 2 2
Number with decrease 11 1 3 2
List of decreases in days resulting in less than five days treatment 7 to 1 4 to 1 6 to 2 -"Till used" to 1 "Till used" to 4 8 to 3 7 to 3 4 to 3 5 to 4 5 to 4 5 to 4
(1) not listed where there was a change of drug important for health service effectiveness and these patients are a particularly high-risk group. We have found that prescribing practice varies, compliance is a problem, and although most children finally received the recommended five-day antimicrobial cover, this often resulted from more than one prescription or using more than one such drug. Effective, simple, low-cost antimicrobial regimes, with high compliance as a real possibility, and which are followed in practice remain an urgent need in many developing countries.
